In order to determine which specification provides better fit of the data, this paper presents several specifications of a closed economy DSGE model with nominal rigidities. The goal of this paper is to find out whether some characteristics widely used in New Keynesian DSGE models, such as habit formation in consumption, price indexation and wage indexation, provide better fit of the macroeconomic data. Model specifications are estimated on the data of the US economy and Euro Area 12 economy, using Bayesian techniques, particularly the Metropolis-Hastings algorithm (using Dynare toolbox for Matlab). The data fit measure is a Bayes factor calculated from marginal likelihoods, acquired from Bayesian estimation. Results suggest that including habit formation in consumption significantly improves the empirical data fit of the model, whereas including partial price indexation and partial wage indexation does not improve the empirical data fit of the model. Variants with full price indexation and full wage indexation were the worst ones concerning their data fit.
Introduction
New Keynesian DSGE models are favorite tools of macroeconomic modeling and are widely used by central banks for monetary policy analysis. There is a lot of different specifications of these models, with different assumptions and because of these different assumptions, behavior of a modelled economy can differ significantly .
3 Justiniano and Preston (2004, p. 1) argue: However, despite this burgeoning theoretical literature, until recently, there has been little work on directly evaluating the ability of these DSGE models to fit open economy macroeconomic data.
The goal of this paper is to evaluate whether some features of New Keynesian DSGE models such as habit formation in consumption, price indexation and wage indexation improve their data fit. These features are widely used in New Keynesian DSGE models, see Christiano, Eichenbaum and Evans (2003) , Smets and Wouters (2003) , Liu (2006) , Remo (2008) , Justiniano and Preston (2010) , Musil and Vašíček (2006) and many others. Fuhrer (2000) argues that including habit formation improves capturing gradual hump-shaped responses of consumption and inflation to various shocks. Assumption of partial price indexation and its consequences for inflation dynamics are discussed in many papers, see for example Galí and Gertler (1999) and Galí, Gertler and LopezSalido (2005) . Including price indexation into Calvo constraint for firms makes inflation dynamics more adaptive and backward-looking. Under this assumption, present inflation does not depend only on expected future inflation but also on past inflation. Including wage indexation has a similar effect, wage inflation now depends on expected future wage inflation as well as on past price inflation. Smets and Wouters (2003) argue that including partial indexation makes DSGE models more robust for policy and welfare analysis. Justiniano and Preston (2010) estimate a DSGE model on the data of Australia, Canada and New Zealand and find that there is an evidence supporting the presence of habit formation only for Australia, while for all countries there is no evidence supporting the presence of price indexation. Matheson (2010) estimates a DSGE model extended by distinction between tradable and non-tradable sector on the data of Australia, Canada and New Zealand, and find (in contrast to Rabanal and RubioRamirez (2005) ) that models with habit formation provide better data fit than those with partial price indexation, and that including partial price indexation deteriorates the empirical fit of the model. Similarly, Slanicay and Vašíček (2009) and Čapek (2010) estimate a DSGE model on the data of the Czech Republic and find that including habit formation improves the empirical fit of the model, whereas including partial price indexation deteriorates the empirical data fit.
So, we want to find out which specifications of the New Keynesian DSGE model provide a better fit of the data and evaluate whether some widely used features of New Keynesian models, such as habit formation, price indexation and wage indexation, improve their data fit. A simple closed economy DSGE model was chosen for this purpose.
1 The model is based on the model from chapter 6 of Galí's textbook, see Galí (2008) , which we extend in several ways. We allow for habit formation in consumption, price indexation and wage indexation. We also make some modifications in order to estimate the model on the detrended data. We also modify a monetary policy rule. All model specifications are estimated using Bayesian techniques, particularly the Metropolis-Hastings algorithm (using Dynare toolbox for Matlab). The comparison of alternative model variants is based on the Bayes factor, calculated from marginal likelihoods, acquired from Bayesian estimation.
Model Firms
We assume a continuum of firms indexed by
. Each firm produces its own differentiated product and hire labor. Production function of the firm
, where (0,1) ∈ α is a parameter of decreasing returns to scale, t A is an exogenous technology process common to all firms and ) (i N t is an index of labor input hired by the firm i defined as 1 The model is highly stylized and does not contain all the bells and whistles of DSGE models which are used in central banks. Nevertheless, despite its simplicity, it contains all the features that are necessary for our purpose, and this simplicity is in accordance with Occam's razor principle. The assumption of the closed economy is chosen because we want to test our hypothesis on the most reliable data available. In our opinion, the most reliable data are the data of the US economy and Euro Area 12 economy. Both economies can be regarded as approximately closed, so we decided (according to the Occam's razor principle) to use the closed economy model. Using a more complex model which contains various extensions such as richer production structure or some open economy features is not necessary because it provides similar results as this simple model. The evidence that assumption of a small open economy does not significantly alter the results is provided by Slanicay and Vašíček (2009) and Matheson (2010) . Matheson (2010) also shows that richer production structure with distinction between tradable and non-tradable goods does not alter his results about habit formation and partial indexation. 
is the stochastic discount factor for nominal payoffs.
First order optimality condition for the maximalization problem of the firm is then in the form
are nominal marginal costs of the firm in the period k t + , that reset its price for the last time in the period t . This maximalization problem leads (after some mathematical manipulations 2 ) to the relation between past inflation Remo (2008, p. 43-47) . 3 For detailed derivation of this relation see Galí (2008, ch. 6, p. 126) . 
Households
We assume a continuum of households indexed by
. Households consume goods produced by firms, trade bonds and provide labor to firms. Each household is specialized in a different kind of work and seeks to maximize its utility function
where t E denotes expectations in the period t , β is the discount factor, ) ( j N t is a quantity of labor supplied, and
is a consumption index of a household j in the we get the standard CRRA period utility function, as presented in Galí (2008) .
Optimal Labor Supply
The model assumes the Calvo constraint with partial indexation on the frequency of wage adjustment, where only and also subject to the set of their budget constraints
is the market value in the period k t + of a portfolio of securities held at the beginning of that period by household that last reoptimized its wage in period t , } {
is a corresponding market value as of period k t + of the portfolio purchased in that period, and which yields a random payoff
a wage of a household in the period k t + that last reoptimized its wage in the period t and k t T + are dividends from an ownership of the firms. First order optimality condition for the maximalization problem of households is then in the form 
Estimated Parameters
Definition of parameters is in the which are difficult to identify and most literature calibrate them, all parameters are estimated using the Metropolis-Hastings algorithm (using Dynare toolbox for Matlab).
The discount factor β is calibrated to be 0.9975, which implies an annual steady state real interest rate of 1%. This value roughly corresponds to the long term mean of an annual real interest rate in both economies in the examined period. Elasticities of substitution between various goods p ε and labor inputs w ε are both set equal to 8, following results reported in Woodford (2003, ch. 3) , and imply an average price and wage mark-up of 14%. Prior setting of estimated parameters as well as their estimated values (in the best variant concerning Bayes factor and in the baseline variant) are presented in Tables 3 and 4 . Prior means for Calvo parameters p θ and w θ are set to be 0.7 and 0.75, which implies an average price contract duration of 10 months 1 and average wage contract duration of one year.
2 Estimated values of these parameters are a little bit higher and imply an average price duration of 11.5 months for the Euro Area and 13 months for the USA, and average wage duration of 15 months for the Euro Area and 17 months for the USA. Due to microeconomic evidence on price and wage indexation not being existent, we set very loose priors for these parameters, prior means equal to 0.5 with std. deviations equal to 0.2. Priors for parameters in Taylor rule are set consistently with Taylor (1999b) . Although prior means for elasticities of interest rate to output y ψ and * y ψ are set to be a little bit higher (0.2 instead of 0.125), they take into account changes in behavior of central banks in recent crises. In our opinion, at this time central banks (ECB and FED) pay more attention to development in output than they did before the crisis. Inverse elasticities of intertemporal substitution σ and labor supply φ are estimated with relatively loose priors with prior means set to be 1.0, consistently with Galí (2008) , and std. deviations equal to 0.5. Prior mean for decreasing returns to scale α is set to be 0.33, according to Galí (2008) . Parameter of habit formation h is estimated with prior mean set to be 0.7, as in Smets and Wouters (2003) . Backward-looking parameters in AR1 processes for exogenous shocks are estimated with very loose priors, prior means equal to 0.5, and std. deviations equal to 0.2. 1 The Bayes factor is a specific case of posterior odds (PO) where prior probabilities of competing models are set as equal. Because compared specifications of the model are nested, it is correct to set prior probabilities as equal. 2 Calculation of log-likelihood functions is based on the Laplace approximation. 3 It is more convenient to use log-likelihood functions, as their computation is much easier. In the following text we display our results using log-likelihood functions. 4 Similar interpretation can be found in Jeffreys (1961) or Kass and Raftery (1995) .
Results
Log-likelihood functions of particular variants are displayed in 
= h
). We can calculate Bayes factors for variants which differ only in the assumption about h . All Bayes factors are much higher than 100. On the basis of the interpretation of BF values presented above, we can say that there is a decisive evidence that including habit formation in consumption into the utility function of households improves the data fit of DSGE models significantly. A look on impulse-responses, see Figure 1 , suggests that variant with the assumption of a habit formation in consumption displays more gradual and hump-shaped responses of output to various shocks. Figure 2 , so we can say that the assumption of partial price indexation is -loosely speaking -redundant for plausible fit of DSGE models. We can say that there is a strong evidence that including partial price indexation into the Calvo constraint for firms does not improve the data fit of DSGE models. We can also see that comparable variants with partial price indexation ( Results suggest that there is a strong evidence that including partial wage indexation into the Calvo constraint of households does not improve the data fit of DSGE models. Bayes factors between comparable variants with partial wage indexation and variants with full wage indexation are always much higher than 100. We can say that the worst variants of the Calvo constraint for households are those with full wage indexation. 
Note: Own calculations

Conclusion
Results suggest that including habit formation in consumption into the utility function of households improves the empirical data fit of DSGE models significantly . Bayes factors between variants with habit formation and variants with no habit formation are so high that it provides decisive evidence for this conclusion. Impulse-responses suggest that the assumption of habit formation in consumption makes responses of output to various shocks more gradual and hump-shaped.
We can also see that including partial price indexation and partial wage indexation does not improve empirical data fit of DSGE models, although the calculated Bayes factors do not provide decisive evidence for this conclusion, only strong evidence. Parameters of partial indexation are estimated as very low and impulse-responses suggest that these assumptions can be viewed as redundant for plausible data fit of DSGE models.
The worst model variants, regarding the data fit of the model, are those with full price indexation and full wage indexation. Calculated Bayes factors provide decisive evidence for this conclusion. Tables and Figures   Table 2 
